Four trials were conducted to determine the influence of feeding 200 ppb Cr as chromium picolinate (CrPic) on DM digestibility, N balance, and carcass traits of growing-finishing pigs. A 15% CP corn-soybean meal diet was fed during the grower phase, and a 13% CP corn-soybean meal diet was fed during the finisher phase. In each of three trials, crossbred barrows (six littermate pairs) were used for two N balance periods (end of grower, 61.3 kg; end of finisher, 98.9 kg). After the second balance period, all the barrows were killed and carcass data were collected. Initial and final BW were 23.5 and 104.9 kg, respectively. Growth rate was similar for control and CrPic-fed pigs in all trials. The rate of N absorption was increased by feeding CrPic ( P < .05), but N retention was increased only numerically ( P = .14). Dry matter digestibility was also increased by feeding CrPic ( P < .02). Dressing percentage and backfat thickness at the 10th and last rib did not differ between treatment groups. Longissimus muscle area was larger ( P < .05) for pigs fed CrPic. In Trial 4, crossbred barrows (six littermate pairs; initial BW, 82.0 kg) were used in a switch-back design with an extra period. Digestibility of DM ( P < .02) and absorption of N ( P < .06) were improved with only a numerical increase ( P = .22) in N retention. No carryover effect was observed. These findings show that pigs fed 200 ppb Cr from CrPic can have larger longissimus muscle areas and that Cr supplementation improved N absorption and DM digestibility.
Introduction
Trivalent chromium has been reported to play a role in regulating glucose and lipid metabolism in humans and laboratory animals (Mertz, 1993) . Facilitation of Cr absorption by picolinate has been shown previously (Evans, 1982) , and feeding diets containing Cr as chromium picolinate ( CrPic) has increased insulin sensitivity in growing pigs (Amoikon et al., 1995) . Page et al. (1993) concluded from results of experiments in which various levels of Cr were fed that providing 200 ppb of Cr as CrPic reduced 10th rib backfat thickness and increased longissimus muscle area and total muscling. Improvement in gain/feed and improvement in carcass traits were reported by Lindemann et al. (1995) for pigs fed diets containing 200 ppb Cr as CrPic. Mooney and Cromwell (1995) , however, did not find 200 ppb Cr from CrPic to be effective in increasing absolute longissimus muscle area or decreasing backfat thickness.
The increase in the amount of muscle in the absence of an increase in feed intake in many experiments suggests an improvement in dietary N utilization. The object of this study was to determine the influence of supplementing Cr as CrPic on N absorption and retention, total diet digestibility, and carcass traits in growing-finishing pigs.
Materials and Methods
Trials 1 Through 3. Three similar trials with two total collection periods for each trial were conducted using 12 barrows in each trial (six littermate pairs derived from Yorkshire, Landrace, Chester White, and Duroc crosses). A corn-soybean meal grower (15% When pigs were not in the metabolism crates, three pigs on the same treatment were housed in 1.2-m × 3.6-m pens with totally slotted concrete floors; pens were located in an enclosed building and temperatures ranged from 20 to 25°C. Pigs had ad libitum access to feed except during the collection periods. At an average BW of 55.5 kg in Trial 1, 69.9 kg in Trial 2, and 58.6 kg in Trial 3, barrows were moved to stainless steel metabolism crates and given a 7-d adjustment to crates, followed by a total collection of feces and urine for 7 d. Pigs were fed the grower diet at 3% of BW while in the metabolism crates. Feces were collected once each day and frozen at −20°C. Urine collections were kept acidic by adding 200 mL of 20% H 2 SO 4 to each collection. Total urine volumes from individual pigs were measured and an aliquot retained for later analysis.
After the first collection period ended, barrows were returned to pens and continued on the same supplemental Cr treatment, except that the finisher diet was fed for the remainder of the trial. At an average BW of 97.1 kg in Trial 1, 103.9 kg in Trial 2, and 95.8 kg in Trial 3, barrows were returned to the metabolism crates for a second total collection of feces and urine. Feeding level, adjustment period, and collection period were the same as in the first collection period, with the only difference that the finisher diet was fed. Floor space allowances, care of pigs, and ambient temperatures were consistent with published recommendations (Consortium, 1988) , and the metabolism portion of the trial followed procedures approved by the Virginia Tech Animal Care Committee.
Chromium content of the feed was determined using a Perkin Elmer 5100 PC, Atomic Absorption Analyzer with Zeeman 5000 graphite furnace and Auto-sampler after digestion of the samples sequentially with Trace Metal Nitric Acid (Fisher#A509-212) and Trace Metal Perchloric Acid (Fisher#A511-500). Nitrogen concentration of feed, feces, and urine were determined using the Kjeldahl method (AOAC, 1984) . At the second collection period of the first trial, representative samples were taken from collected feces of each pig and freeze-dried. The N content on a DM basis was compared with the oven-dried (60°C) samples. No difference ( P = .62) in N concentration was observed between oven-dried (3.47%) and freezedried (3.43%) feces. Thus, oven drying was continued in Trials 2 through 4.
After the second collection period in each trial, all pigs were killed in the Virginia Tech Meats Laboratory for carcass measurements. Carcass weight was measured before carcasses were placed in the cooler. Other measurements were taken on the chilled carcass. Last rib backfat was measured on the midline. The right side of the carcass was split between the 10th and 11th ribs to obtain backfat and loin muscle area ( LMA) . Tenth rib backfat was measured at the 3/4 distance from the backbone, from the edge of the loin muscle to the outer edge of, and perpendicular to, the skin. Longissimus muscle area was measured by the dot grid method. Total lean muscle was estimated using hot carcass weight, LMA at the 10th rib, and 10th rib backfat thickness (NPPC, 1991) .
Analysis of variance was performed on all data sets using the GLM procedure of SAS (1990) . Data from the two collections of each trial were combined after dietary treatment × collection period interactions were determined not to be significant ( P > .10). For all variables, the data from all trials were pooled after testing for homogeneity of variance. The final model included trial, diet, and littermate pair for all pooled data and also included collection period for the balance data. Hot carcass weight was used as a covariant for longissimus muscle area and backfat thickness, and ending live weight was used as a covariant for total lean. During the second collection of Trial 2, two littermate pigs, one on the control diet and one on the treatment diet, were unable to adjust to the metabolism cages, had very low feed intake, and were dropped from the analysis.
Trial 4. A switch-back design with an extra period (Lucas, 1957) was used to enhance the efficiency of the balance trial and to measure carryover effects. Twelve crossbred barrows (six littermate pairs, initial BW 82.0 kg) were randomly assigned from pairs to two treatment groups ( 0 and 200 ppb Cr from CrPic) and were put into metabolism cages. Pigs were given a 7-d adjustment to the cages, immediately followed by three consecutive 12-d periods with total collection of feces and urine during the last 5 d of each period. Pigs were fed the finisher corn-soybean meal diets (Table  1 ) with or without 200 ppb Cr from CrPic at a rate of 2.5% of BW daily. In period 1, one pig of a pair was fed the Cr-supplemented diet and the other pig was fed the control diet; in period 2, the treatments were switched between pigs in a pair; in period 3, pigs were fed the same diets as in period 2. The collections were processed, and N and DM was analyzed as in the previous three trials. The individual data were analyzed using the GLM procedure of SAS (1990), with littermate pair, period, previous dietary treatment, and diet in the model. Previous dietary treatment was used to test for any carryover effect.
Results

Trials 1 Through 3. Growth rate was similar
between the control and CrPic-fed pigs (Table 2) . Hot carcass weight, dressing percentage, backfat thickness at the 10th and last rib, and total lean were not different between pigs fed diets with and without CrPic, but longissimus muscle area was increased ( P < .05) by the added CrPic (Table 2) . Carcass scores for firmness, marbling, and color (NPPC, 1991) did not differ between diets (data not shown). Dry matter digestibility ( P < .02) was increased 1.2% units by feeding CrPic (Table 3) . Similarly, the rate of N absorption was increased 1.4% units by feeding CrPic ( P < .05), but the rate of N retention only increased numerically (1.6% units, P = .14) because of higher variability. Apparent biological values ( aBV) were not affected by feeding CrPic.
Trial 4. Chromium improved digestibility of DM ( P < .02) and N absorption ( P < .06) without affecting retained N or aBV (Table 4) . No carryover effect of Cr was observed. Dry matter digestibility, N absorption, N retention, and aBV did not differ between the collections. Pigs had an average gain of BW of .50 and .51 kg/d, SEM = .007, respectively, for control and CrPic treatments during the trial, which did not differ.
Discussion
Body weight gain in these studies was similar between control and Cr-treated groups, whether in the growing, finishing, or the overall period. Results from Lindemann et al. (1995) support this observation. Harper et al. (1995) , however, reported that supplemental Cr (200 ppb from CrPic) increased body weight gain. Results reported by Page et al. (1993) and Cromwell (1994, 1995) concerning the effect of CrPic on gain were not consistent. Therefore, results in this regard remain inconsistent.
In previous studies (Page et al., 1993; Mooney and Cromwell, 1994; Lindemann et al., 1995) , supplementing 200 ppb Cr as chromium picolinate resulted in an increase in LMA of the pigs. Although carcass data were collected immediately after the final metabolism phase, our carcass results support a previous observation of increased LMA when supplemental CrPic is fed. In contrast, Harper et al. (1995) , using the same source and level of Cr, did not find an effect of Cr on the LMA. In the present study, the effect of increasing LMA was most apparent in the Table 4 . Nitrogen absorption and retention and dry matter digestibility of pigs fed a diet with or without 200 ppb Cr from Cr picolinate using a switch-back design with an extra period (Trial 4)
a Each mean represents 18 observations (three collection periods of six pigs each). b Retained N ( % ) = retained N/N intake × 100. c Apparent biological value ( % ) = retained N/N absorbed × 100. second trial, when pigs were put on trial at a lighter BW than in the other two trials, demonstrating either the effect of time on total muscle accretion or a relationship between the Cr status of the pigs (i.e., the extent of natural depletion) and the magnitude of the response. A decrease in backfat by Cr supplementation, as was observed by Page et al. (1993) and , was not seen in our study. Harper et al. (1995) also reported that 10th rib backfat tended to be lower for pigs fed 200 ppb Cr from CrPic than for controls. The inconsistent effects of CrPic on backfat thickness may be explained by its effect on DM digestibility and N balance as discussed below.
Nitrogen absorption and the digestion of DM were improved by Cr supplementation in the present study, which has not been reported previously. The major goal of this study was to determine whether N balance was influenced by supplementing CrPic in the pig diets. Even though the anticipated positive effects of supplementation on N variables were observed, the improvement in total DM digestibility was unanticipated. In Trial 4, a switch-back design with an extra period was used to obtain additional DM and N balance data. The results of Trial 4 supported the observations from the first three trials because the absorption of N and digestibility of DM were enhanced by CrPic supplementation. In addition, treatment comparisons could have been made with a one-tailed ttest rather than the standard two-tailed test because the dietary treatment tested has not been reported to have exhibited a negative effect on muscling characteristics in previous reports, and logically would not be expected to do so. Lindemann (1996) calculated the retained carcass N in six trials involving a total of 16 comparisons of CrPic supplementation in the reported results of Page (1991) and Lindemann et al. (1995) . In 15 of the 16 comparisons, an increase in retained carcass N was observed. In 13 of the 16 comparisons, there was a calculated saving in N excretion. In the three comparisons in which there was not a N excretion savings, feed intake was increased in the CrPic-fed pigs. It is impossible to know whether an increase in feed intake was actually consumption by the pigs or whether it might have been feed wastage. Nevertheless, in all of those three comparisons there was a numerical increase in LMA, and there was a reduction in N excretion when feed intake was not increased with CrPic supplementation. This would seem to satisfy the requirements given by Snedecor and Cochran (1967) as justification for the use of a one-tailed t-test, and, if so, would result in the reduction of P-values to one-half of the listed values for this trial (e.g., the P-value for retained N percentage in Table 3 would be reduced from P = .14 to P < .07).
The effects of these improvements in N and DM (primarily energy-yielding components) digestibility on the total carcass measurements will be a function of N and energy adequacy in the basal diet relative to the genetic capacity of the pigs for lean deposition. In situations when N and energy intake are adequate and lean deposition is already maximized, improvements in digestibility will probably result in fatter carcasses because the additional energy is not needed for lean deposition and then would be stored as fat. If only N is suboptimal, improved lean deposition may occur, but this will be in conjunction with greater backfat because the added energy is not needed. In a situation when energy intake is limiting, an improvement in total muscling and in backfat might be observed due to the improved digestibility.
These results raise questions about the relationship of nutrient adequacy of the diet (especially with regard to N and energy) and the response to Cr supplementation. These results support the concept of an interaction with other nutrients, as was suggested by the observation of Lindemann et al. (1995) of a Cr × protein interaction on gain/feed. Trials examining these relationships should be conducted. Additionally, an understanding of the mechanisms whereby the improved digestibility occurs (e.g., effects on enzyme activity or on mucosal transport of nutrients) should be sought.
Implications
The results of this investigation confirm that supplemental dietary chromium, provided by chromium picolinate, can improve longissimus muscle area in growing-finishing pigs, but its effect on the backfat thickness is variable. The finding that nitrogen absorption and dry matter digestibility were improved indicates the potential for improvements in feed utilization, but further research is needed to determine the proper diet formulations for eliciting the maximal response to chromium supplementation in pigs or situations that affect lean deposition.
